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[$2|,$ $3$ . 3
,
, . $[3|[4|$
, Tatsumi &Yoshimura[5] ( $\mathrm{T}\mathrm{Y}$ ) ,
$1<A<10$ . , $A>3.2$
, $A<3.2$ , ,
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2
$2H$ , $2W$ . 1 , $x$
, $y$ $z$ ,
. , , .
, .
$\frac{\partial \mathrm{u}}{\partial t}+(\mathrm{u}\cdot\nabla \mathrm{u})=-\nabla p+\frac{1}{Re}\Delta \mathrm{u}$ , (1)
$\nabla\cdot \mathrm{u}=0$ . (2)
, $\Delta$ , .
$\Delta\equiv\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial y^{2}}+\frac{\partial}{\partial z^{2}}$. (3)
, $A\equiv H/W$
.
$Re= \frac{U_{0}H}{\nu}$ . (4)
, $U_{0}$ , $\nu$ .
. ,







$\mathrm{u}(\mathrm{x}, t)=(U(y, z),\mathrm{o},$ $\mathrm{o})$ , (6)
$p(\mathrm{x}, t)=P(\mathrm{X})$ (7)
. , ,
$U$ $P$ . .
$\frac{\partial P}{\partial x}=-\kappa=\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.$ , $\frac{\partial P}{\partial y}=\frac{\partial P}{\partial z}=0$ , (8)
$( \frac{\partial^{2}}{\partial y^{2}}+\frac{\partial^{2}}{\partial z^{2}})U(y, z)=-\kappa Re$. (9)
, $\kappa$ , . ,





$U(y, Z)=1-y^{2}-4 \sum_{n=0}(-\infty 1)^{n_{\frac{\cos my\cosh mZ}{m^{3}\cosh mA}}}$ , (11)
$m= \frac{2n+1}{2}\pi$ . (12)
3.2
(11), (12) .
$u(\mathrm{x}, t)$ $p(\mathrm{x}, t)$ $U(.\mathrm{x}),$ $P(\mathrm{X}^{\backslash })$ \^u (x, $t$), $\hat{p}(\mathrm{x}, t)$
$\mathrm{u}(\mathrm{x}, t)=U(\mathrm{x})+\hat{\mathrm{u}}(\mathrm{x}, t)$ , (13)
$p(\mathrm{x}, t)=P(\mathrm{x})+\hat{p}(\mathrm{x}, t)$ (14)
. , \^u, $\hat{p}$
$\frac{\partial\hat{\mathrm{u}}}{\partial t}+(U\cdot\nabla)\hat{\mathrm{u}}+(\hat{\mathrm{u}}\cdot\nabla)U=-\nabla\hat{p}+\frac{1}{Re}\Delta\hat{\mathrm{u}}$ , (15)
3
$\nabla\cdot$ \^u $=0$ (16)
.
– $-^{\Gamma}$
\^u $(\mathrm{x}, t)=\tilde{\mathrm{u}}(y, z)\mathrm{e}\mathrm{x}\mathrm{p}1i\alpha(X-ct)]$ , (17)
$\hat{p}(\mathrm{x},t)=\tilde{p}(y, z)\mathrm{e}\mathrm{x}\mathrm{p}1i\alpha(X-Ct)]$ (18)
. , $\alpha$ $x$ . , $c$ –
$c=c_{r}+$ , , \alpha .
, . , $c_{i}<0$
, $>0$
, $=0$ .
, (17), (18) (15), (16) $\hat{p}$
$E(y, z)\tilde{v}=o(y, z)\tilde{w}$ , (19)
$E(z,y)\tilde{w}=O(z, y)\tilde{v}$ (20)
. , $E(y, z)$ $O(y, z)$
$- E(y,z)=-[ \frac{i}{\alpha Re}.\Delta+(U. -..C)](\frac{\partial^{2}}{\partial y^{2}}-\alpha^{2})+\frac{\partial^{2}U}{\partial y^{2}}$ , (21)
$O(y, z)=[ \frac{i}{\alpha Re}\Delta+(U-c)]\frac{\partial^{2}}{\partial y\partial z}-\frac{\partial U}{\partial z}\frac{\partial}{\partial y}+\frac{\partial U}{\partial y}\frac{\partial}{\partial z}-\frac{\partial^{2}U}{\partial y\partial z}$ (22)
.
,
$\tilde{v}=\tilde{w}=\frac{\partial\tilde{v}}{\partial y}=0$ at $y=\pm 1$ , (23)
$\partial\tilde{w}$
$\tilde{v}=\tilde{w}=\overline{\partial z}=0$ at $z=\pm A$ (24)
.
(19), (20) (23), (24) ,
$y$ $z$
.
(I)mode: $(\tilde{v}(e, e),\tilde{w}(\mathit{0},\mathit{0}))$ ,
(II)mode: $(\tilde{v}(e, \mathit{0}),\tilde{w}(\mathit{0},e))$ ,
(III)mode: $(\tilde{v}(\mathit{0}, e),\tilde{w}(e, \mathit{0}))$ ,
4
(IV)mode : $(\tilde{v}(\mathit{0},\mathit{0}),\tilde{w}(e, e))$ .
, $\tilde{v}(e, e)$ $\tilde{v}$ $y$ $z$
. , $\mathrm{T}\mathrm{Y}$ ,





















$\mathrm{x}={}^{t}(a_{0}0, \cdots, a2M+1,2N+1;b00, \cdots, b2M+1,2N+1)$ (30)
, (I)mode , ,
, $2\cross(M+1)\cross(N+1)$ . , 96
. - -
, x ,
. 1 $A=5,$ $\alpha=0.9,$ $Re=10000$
$M,$ $N$ .
, ,




1: $c=c_{r}+i\alpha$ $M,$ $N$
$\frac{\overline \mathrm{C}\mathrm{o}11\mathrm{o}\mathrm{c}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}\mathrm{G}\mathrm{a}\mathrm{r}\mathrm{e}1\mathrm{k}\mathrm{i}\mathrm{n}}{\mathrm{L}\mathrm{e}\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{r}\mathrm{e}\mathrm{C}\mathrm{h}\mathrm{e}\mathrm{b}\mathrm{y}\mathrm{s}\mathrm{h}\mathrm{e}\mathrm{v}\mathrm{L}\mathrm{e}\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{r}\mathrm{e}\mathrm{c}\mathrm{h}\mathrm{e}\mathrm{b}\mathrm{y}\mathrm{s}\mathrm{h}\mathrm{e}\mathrm{v}}$
$\overline{M\mathrm{x}_{38}18\cross\underline{\underline{N(_{C_{r’ 1}}c\cross 10^{4})}}(0.23294,-3.7334)(0.23306,-5.114(c_{r},\mathrm{C}\iota\cross 10^{4})(b,c_{\iota}\mathrm{X}15)(0.23289,-3.30_{4}^{4})(66)(0.23’ 289,-3.3466)C\mathrm{r}Ci\mathrm{X}10^{4})}$
$20\cross 40$ $(\mathrm{o}.23287,-33081)$ $(\mathrm{o}.23309,-30813)$ $(\mathrm{o}.23288,-34248)$ $(\mathrm{o}.23288,-34248)$
$22\cross 42$ $(\mathrm{o}.23289,-33317)$ $(\mathrm{o}.23309,-33517)$ $(\mathrm{o}.23289,-33957)$ $(\mathrm{o}.23289,-33957)$
$24\cross 44$ (0.23289,-33191) (0.23163, 37698) (0.23289,-3.4021) (0.23289,-3.4021)
2:
$Re_{\text{ }}$ , $\alpha_{\mathrm{c}}$ .
$3.4478ARe\mathrm{c}\mathrm{c}\alpha_{690.1}Ci\overline{\overline{320.663}}$
$35$ 36866 0.705 0.173
4.0 18226 0.8.14 0.204




2 , $A$ Re . ,
2 , , $\alpha_{c}$
. , $\mathrm{T}\mathrm{Y}$ – , 1
TY-. .
, . , 2
3 . , 2
$\simeq 0.2$ . $A$ $Re_{\mathrm{c}}$
, $\mathrm{T}\mathrm{Y}$ $A_{\mathrm{c}\mathrm{r}}=3.2$ , $Re_{\mathrm{c}}arrow\infty$
. , $A_{\mathrm{c}\mathrm{r}}=3.116$




2 . 3 .
, $A<A_{\mathrm{c}\mathrm{r}}=3.116$ . 3 $A=3$ ,










\^u $= \sum_{-\infty}^{\infty}\mathrm{u}_{\mathrm{n}}\exp[in\alpha x],$ $\mathrm{u}_{-\mathrm{n}}=\mathrm{u}_{\mathrm{n}}^{*}$, (32)
$\hat{p}=\sum_{-\infty}p_{n}\exp[in\infty\alpha x]+P00x,$ $p_{-n}=p_{n}^{*}$ . (33)
$x$ $u_{n}$ .
$u_{n}= \frac{-1}{in\alpha}(\frac{\partial v_{n}}{\partial y}+\frac{\partial w_{n}}{\partial z})$ at $n\neq 0$ . (34)
, $f_{n}={}^{t}(v_{n}, w_{n})$ , .
$\frac{\partial}{\partial t}Mf_{n}=Lfn+\frac{1}{Re}Kfn+\sum N$($mf_{m}$ , m). (35)
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.
$\mathrm{b}_{\grave{S}}$.. . $\partial v_{n}$$\overline{v}_{n}=w_{n}=-=0$ at $y=\pm 1$ ,
$\partial y$
(36)






$t_{k}=\epsilon^{2k}t$ $(k=0,1,2, \cdots)$ , (39)
$\frac{\partial}{\partial t}=\sum_{k=0}\epsilon\frac{\partial}{\partial t_{k}}2k$ (40)
. $(n=1)$ t , $\epsilon^{k}$ ,
, $O(\epsilon)$ .
$\frac{\partial}{\partial t_{0}}M\phi_{10}=L\phi 10+\frac{1}{Re_{\mathrm{c}}}K\phi 10$ (41)





$\phi_{10}=A(t_{1})g10(y, z)\exp(-i\alpha C\Gamma t_{0})$ (42)
. , $g_{10}(y, z)$ (19), (20) , $A(t_{1})$
$t_{1}$ . , $g_{10}(y, z)$ ,
$g_{10}(0,0)$ .
, $O(\epsilon^{3})$ .
$\frac{\partial}{\partial t_{0}}M\phi_{12}+\frac{\partial}{\partial t_{1}}M\emptyset 10=L\phi 12+\frac{1}{Re_{c}}K\phi_{12^{-}}K\phi 10$
$+N(\phi 20, \emptyset_{10}^{*})+N(\emptyset 10, \phi 00)+N(\phi\alpha),$ $\phi 10)+N(\emptyset_{1}^{*}0’\phi 20)$ . (43)
(43) , $A(t_{1})$
.





. $\tilde{g}_{10}(y, Z)$ (41) ,
. .
$\frac{\partial}{\partial t_{0}}\tilde{M}\tilde{g}_{10=\tilde{L}}\tilde{g}_{10}+\frac{1}{Re_{\mathrm{c}}}\tilde{K}\tilde{g}_{1}0$ . . $\cdot$ . (46)
, $\tilde{M},\tilde{L}$ ,K , $M,$ $L,$ $K$ , $\tilde{M},\tilde{K}$
. .
(43) $\phi_{20},$ $\phi_{00}$ . , $n=2$
$n=0$ . $n=2$ $\phi_{20}$
,
$\frac{\partial}{\partial t_{0}}M\phi 20=L\emptyset 20+\frac{1}{Re_{c}}Kh\mathrm{o}+N(\phi 10, \phi_{10})$ (47)
, .
$\phi_{0}=A^{2}g_{20^{\mathrm{e}\mathrm{x}}}\mathrm{p}(-i2\alpha c_{\Gamma}t_{0})$ . (48)
$n=0$ $\phi_{00}$ , .
, (43) o $={}^{t}(v_{\alpha 100}, w)$ $x$ u
, .
$n=0$ $\emptyset \mathrm{o}0={}^{t}(v_{00},w_{0}0)$ , $O(\epsilon^{2})$ ,
.
$\frac{\partial}{\partial t_{0}}$ $M’ \text{ }0=L’\phi 00+\frac{1}{Re_{c}}K^{J}\phi 00+N’(\phi 10, \phi^{*}10)+N’(\emptyset^{*}10’\phi_{10)}.$ (49)
, $u_{0}=\epsilon^{2}u00$ $O(\epsilon^{2})$ , $u_{\alpha\}}$
$\frac{\partial u_{00}}{\partial t_{0}}+v_{00}\frac{\partial U}{\partial y}+w_{00}\frac{\partial U}{\partial z}=\frac{1}{Re_{c}}\Delta u_{\mathrm{m}}+N1(\emptyset 10, \phi^{*}10)+N_{1}(\phi^{*}10’\phi 10)+P_{\alpha}\mathrm{l}$ (50)
. , $n=0$ $\partial/\partial t_{0}=0$ . $n=0$







$v_{00} \frac{\partial U}{\partial y}+w00\frac{\partial U}{\partial z}=\frac{1}{Re_{\mathrm{c}}}\triangle u_{\mathrm{m}}+N1(\phi 10, \phi_{1}^{*}0)+N_{1}(\phi*10’\phi_{10)}$ (52)
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, $u_{00}^{(1)}$ u (50) , .
$v00^{\frac{\partial U}{\partial y}+}w_{0}0 \frac{\partial U}{\partial z}=\frac{1}{Re_{c}}$
.
$\triangle u^{\mathrm{t}}00+N1(\phi 101),$ $\emptyset_{1}*0)+N1(\emptyset_{1}*0’\phi_{10})$ , (54)
$\frac{1}{Re_{c}}\Delta u_{\alpha\}}^{12}=-)1$ . (55)
, $u_{00}$ $Q_{00}$ ,
$Q_{00}= \int\int u_{0}^{(1)}dydZ0+P_{00}\int\int u_{0}^{(2)}0yddz$ (56)





, $t_{1}$ (44) , $t_{1}arrow\epsilon^{2}t$
$\epsilon Aarrow.\cdot A$ $1/Re_{c}-1./Re=\epsilon^{2}$ ,
$-$
$\frac{\mathrm{d}A}{\mathrm{d}t}=-(1/Re_{c}-1/Re)\lambda_{0^{A}}+\lambda_{1}|A|^{2}A$, (57)




, , ${\rm Re}[\lambda_{1}]<0$ 4(a)
, ${\rm Re}[\lambda_{1}]$ >0 4 (b) . Kao
&Park[8] , $A=8$ ,
. ,




















$(u, v, w)= \sum\zeta j(uj, vj, wj)\mathrm{e}\mathrm{x}j\mathrm{p}1-i\alpha(_{C}r+i_{C)_{j}t]}i$ . (58)
, $i$ . ,
$(u_{j}^{t},.v_{j’ j}^{t}wt)\equiv(uj, vj, w_{j})\mathrm{e}\check{\mathrm{x}}\mathrm{p}[-i\alpha(c_{r}+ici)_{j}t]$ (59)





, $*$ . .





, $\gamma$ $=\mathrm{L}$ . $F$ , $\gamma_{\max}$
$\zeta_{j}$ $\tau$ .
, $\gamma$ 6 (61) ,
– .
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